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Optically active a~partic acid (4.5-15.4s) was 
aynthesiocd by the arinrtion of the derivatives of fumGic 
acid and maleic acid with (S) and (B)-a-methylbentylamine. 
Three kinds oP reaction8 were carried out: (A) Reaction 
of ( S )  and (R)-a-methylbeneylarine [(S) and (R)-amine] 
with N,N'-di(S) and (R)-a-methylbenepl fumaramide; 
(B) Reaction of ( S )  and (R)-mine with diethyl maleate; 
(C) Reaction of ( S )  and (B)-amine with diethyl fumarate. 
In each case, the reaction intermediates were isolated. 
To avoid the fractionation of the reeulting optically 
active aspartic acid during the isolation and recrystal- 
ileation procedures, a column chro~atographic method f o r  
DNP-aspartic acid was employed. Poeeibie steric courses 
or' t h e  reactions (A), (B), and (C) are discussed. 
, 
8 
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The non-enzymatic aeyuetric synthesis of a-mino acids 
and or’ other organic compounds haa long beon an attractive 
subject in investigations of stereochemistry. Several 
studlea 02 the asymmetric synthesis 02 a-arino acid6 have 
already been reported.- ‘-15’ However, most 02 the syntheses 
have been carried out by the use of a catalytic hydrogena- 
tion procedure. 
In previoue studles from this laboratory, ‘3-l” optically 
L’F. Knoop and C. Martiuo, z. Phyaiol. - Cher., E,  238 (1039) .  
2’S.  Akabori, T. Ikenaka, and K. Hatsumoto, J. Chem. SOC. 
Z’M. Yakaeaki, ibid., 2, 831 (1954). 
Q’G. Maeda, ibid., 77, 1011 (1956). 
5/S. Akabori, Y .  Ioumi, T. Pujii, m d  S. Sakural, ibid., ‘77, 
“S. Akabori, T. Isumi, S. Sakurai, and Y. Pujii, Nature, 3, 
I’S. Akabori, ‘1. Izumi, and Y. Fujii, J. Cher. SOC. J a  an, 
: / S .  Akabori and S. SliLrurai, ibid., E ,  1629 (1957). 
2’A. Pedrazzoli, Helv. Chsm. Aota, 40, 80 (1957) .  
JSP-, Pure Cher. &. (Rippon Kagaku ZaaeEi)‘-a, (i952). 
1374 (1956). 
323 (1956). 
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lo’’W. Murakari and K. Tekahashi, --- Bull. Cher. S O C .  Japan,  z, 
308 (1959). 
S’J.  C. Sheehan and R .  E. Chandler, 2. &. Cher. &., g, 
X ’ R .  G. Hiskey and R. C, Northrop, ibid., E, 4798 (1961); 
4791 (1961). 
- 87, 1753 (1965). 
Harada, Nature, 200, 1201 (1963). 
X’K. Harada and S. W .  Fox, Naturwiae., 2, 106 (1964). 
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. active alanine was synthesittd in aolution by the Strecker 
method in which optically active (-) and (+)-a-rethylbentyl- 
amine~’ffunctioned a8 asmetric center8 in the syntheses. 
The absolute configuration of (-) and (+)-amine had been 
determined as S and B respectively by Leithe.- 17/ 
In this study, the syntheses of optically active aspartic 
acid by the use or‘ both S(-) and R(+)*-methylbenzyiarine 
L(S)-amine, (R)-amine] and derivatives of fumaric acid and 
maieic acid in solution are described. Three kind8 of arina- 
tion reactions were carried out  to synthesize optically active 
aspartic acid: 
A) Reaction of (S) and (R)-mine with N,N*-di (S) and 
(B)-cr-rethylben%yl furrararide [(S) and (R)-furaramidej. 
B) Reaction of  (S) and (B)-arrine with diethyl maleate. 
C )  Reaction of (S) and (€I)-anine with diethyl fumarate. 
In reaction (A), (S)-furararide w a e  heated with (S)-mine 
((aj,25 = -42.3.) in butanol at 115-120O f o r  three days. The 
a-methylbenzyl residue o f  the resulting N-(a-methylbenzyl) 
aspartic acid was removed by hydrogenolysie, ueing the palladium 
hydroxide-charcoal system of Hiskey.- 12’ The isolated aspartic 
acid (yield 64s) ehowed optical activity of La]$5 = -2.6. in 
5 HC1 (10.2s optically active (R)-aspartic acid). To avoid 
16 -’W. Theilacker, H. Uinkler, Chem. s., a,690 (1954) 
g ’ W .  Leithe, -.’ Ber - 6 4 ,  2831 (1931). 
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the fractionation 15'18'0f the reoulting aspartic acid during 
the ieolation and recrystallization procedure, a p u t  of the 
hydrogenolyzed product wa8 converted to DNP-aspartic acid by 
the use of l - f iuoro-2,4-dinitrobentene.  The reeulting DNP- 
aepartic acid was separated chromatographically by the use oi' 
a celite column treated with pH 4 phosphate-citrate buffer. 9 1  
The corresponding DNP-aspartic acid band was cut ofr", dried, 
and eluted. The optical rotation of the ieolated pure DBP- 
aspart ic  acid wa8 measured to obtain the accurate value of 
specific rotation of eynthesized aspartic acid.- 
l a t e d  DNP-aspartic acid showed an optical ro:.ation of [ a J o  = 
-14.1" (15.3s  optically active DNP-(R)-aspartic acid.). 
The iso- 15: 
125 
The reaction of (R)-furaramide and (R)-amine ([aj, 25 - 
resulted in (S)-aspartic acid (yield 61s). [a], 25 - 
+?.io (12.2% optically active). The corresponding DNP- 
aspartic acid showed optical activity of = +14.0. 
( i 5 . 2 $  optically active). Results are shown in Table I. 
In reaction (B), diethyl maleate was reacted with (S)- 
amine under similar condition8 to reaction ( A ) ,  but  without 
butanol. The resulting product was hydrolyzed with 6 - N hydro- 
chloric acid and then subjected to hydrogenolysis as bel'ore. 
E'The recrystallization procedure resulted in fractionation 
o f  the optically active aspartic acid. The specific rota- 
tion varied upon recrystallization and finally the value 
reached zero ar"ter eeveral recrystallization procedures. 
X'J. C. Perrone, Nature, 167, 513 (1951). LCourts, Biochem. - J., 2, 70 ( 1 9 5 ' r  
- 4 -  
. The isolated (S)-aepartic acid ehowed a specific rotation of 
laJP25 = +2.8. (11.0s optically active), and the DHP-(S)- 
aspartic acid showed an optical activity or' [0]f5 = +12.6O 
(i3.7k optically active), whereas in reaction (A), (R)- 
aspartic acid was obtained by the uae o f  (S) -mine .  
In the same ray,  the reaction ol" diethyl raieate and (a ) -  
amine reeulted i n  (R)-aspartic acid, La]:5 = -3.1. (12.2s 
optically active). The DIP-(B)-aspartic acid showed an 
optical activity of La]?5 = -14.2. (15.4% optically active). 
Results are shown in Table 11. 
In reaction (C), a reaction of diethyl r'umarate with 
(S)-amine was carried out. (S)-Aspartic acid, = +2 .0°  
( 7 . 9 s  optically active), was isolated. DHP-(S)-Aspartic acid, 
1.1~5 = +4.30 (4 .6% o p t i c a l l y  active), was obtained after 
DNPylation, whereas in reaction ( A ) ,  (S)-furaramide and (S)- 
amine resulted in (R)-aepartic acid. In the same way, diethyl 
fumarate and (R)-amine gave (B)-aspartic acid, l a j z 5  = -1.6O 
(6.396 optically active), and D#P-(R)-aapartic acid, = 
- 4 . 2 O  ( 4 . 5 %  optically active). Reaulta a r e  listed in Table 111. 
In each reaction ( A ) ,  (B), and (C), the reaction inter- 
mediates were isolated. U s i n g  these rebult~, possible steric 
courses f o r  these reactions will be coneidered in the following 
Discussion section. 
B 
. 
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Di 8cua a i on 
The syntheses of optically active aspartic acid deocribed 
here consisted 02 an addition reaction of (S) and (R)-amine 
to the double bond 02 fumaric acid and maleic acid deriva- 
tives under the inr'luence of asymmetric induction. In these 
reactions, it is possible to explain the configurations of 
the final products by a methoa similar to the rules proposed 
by Cra&'/and Pre1og.- 211 
In reaction (A), the reaction of (S)-fumsramide ana 
(S)-amine resulted in (R)-aspartic acid. The possible con- 
formations or' the fuaaramiae could be shown by structures 
Ia (cisoidal conformation) and Xb (tranaoidal conformation) 
aa in Fig. 1 A .  The addition o f  (S)-mine to the double bond 
of the r'umaruide (1A) prefers to take place from the front 
siae of the paper (the least hindered side), because both 
methyl groups are on the back side of the plane ol' the paper. 
The configurations of the t w o  addition products Ila and ITb 
are identical (R-configuration). After hydrolysis and 
hydrogenolysis, (R)-aspartic acid was obtained. The contribu- 
tion o f  structure Ib which would produce (S)-aspartic acid 
might be snaiier in this reaction because of its steric 
hindrance. In a similar vay, (R)-furaramide and (B)-amine 
resultea in (S)-aspartic acid. 
%'D. J. Cram and F. A .  Abd. Elhafee, &. - la. - Chem. - * '  SOC -' 74 
5828 (1952). 
='V. Prelog, --- HeJ.v. Chi. Acta, 36,  308 (1953). 
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The assured transoidal and cisoidal conformations of 
i’umaramide in the form of “Dreiding Stereomoaels” are 
shown in Fig. 1B. In the transoidal oonforration, the 
distance between the hydrogen of the amide bond and the 
hydrogen attached to the a-carbon atom ia measured to be 
1.65 A. Because the Van der Waals radius oZ hydrogen is 
1.15 A, these t w o  hydrogens overlap each other and  the 
t r a n s o i d a l  conformation cannot exist as a planar molecule.- 
0 
0 
22/ 
In the c i s o i a a l  conformation, on the other hand, there is no 
suzh steric hindrance and it c a n  exist as a planar structure. 
The loss o f  resonance energy due to n o n - p f a n a l i t y  in the 
transoidal conformation suggest8 that the preferred conforra- 
tion might be cisoidal. 
The assumed cisoidal conformation o f  (S)-l’uraramide ( Ia) 
was a l s o  supported by the isolation of the reaction inter- 
mediate N-alkyl aspartic acid diamlde ( IIa, I l b )  Lintermediate 
22’The conformational problem in mesityl oxide is similar t o  
If the empirical ruleaSbnc/of infrared 
that in the fuaaramide. The transoidal structure 02 
mesityl oxide is ~terically hindered, whereas the cisoidal 
structure is not. 
spectra on the a ,  8-unraturated ketone [ a trans structure: 
intensity of c=o is stronger than c=c; [I){ cia structure: 
of c=o and c-c are almost equal or c=c ie stronger 
intensit? than c=o were applicable t o  the mesityl oxide, the molecule 
cou ld  be in the cisoidal conformation because the c=c 
absorption is stronger than c=o absorption. 
S’O. Winteratei er and M. Moore, h. Am. Chem. =., 78, 
6193 (1956). 
3pectroecopy--Practical-, Nankodo Preee (Tokyo), 1963, 
p .  105. 
b?D. H. R. Bart n and E R. Barayman, 
J. Zhem. SOC., 963 (1958). 5 9 K. lakmiehi, I.B. Absorption - -  
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(I)]. 
upon hydrolysis and hydrogenolysia (Table IV). 
The isolated diamide was converted t o  (R)-aspartic acid 
When benzylamine was used in the addition reaction 
instead oZ (S) or (R)-amine, similar results were obtained. 
(S)-Puraramide and benzyluine gave (R)-aepartic acid and 
(R)-l"waramide and benzylaaine resulted in (S)-aspartic acid. 
However, the optical activities of the isolated aspartic acid 
and the corresponding DKP derivative were both lower than 
those which were obtained by the reaction with optically active 
(S) or (R)-amine. The sterically directed addition reaction 
ol" the entering optically active amine right be a reason Tor 
the higher optical activity. Another explanation is that amide 
exchange might have occurred during the reaction with benzyl- 
amine. 
In reaction ( B ) ,  diethyl maleate reacted with (S)-amine 
to give (S)-aspartic acid and with (R)-aaine t o  give (a ) -  
aspartic acid. In this reaction, formation of amide (V) might 
have occurred by the reaction of ester and mine. The result- 
ing ethyl maleamate (V) ray have cyclized to f o r a  N-alkyl 
maleimide (VIa, VIb) as shown in Fig. 2. Maleiride (VIa) and 
(VIb)  a r e  in equilibrium. (S)-Amine attacks the a-carbon 
atom of VIa from the backside of the p l a n e  or" the paper and 
(S)-amine approachee the @-carbon of VIb from the front s i d e .  
In each case the resulting amino acids have the (S)-configura- 
tion as is shown in Fig. 2. 
From the reaction mixture of reaction (B), two 
I 
- 8 -  . 
. 
intermediates were isolated. Intermediate (I) is &alkyl 
aspartic acid diamide 
obtained in reaction (A). Intermediate (11) is a derivative 
of succiniinide (VIIa, VIIb) (BP 223-224. as hydrochloride), 
(Table IV, Fig. 2). From Intermediate (I), (R)-aspartic acid 
was obtained as in reaction ( A ) .  Intermediate (11) shows 
IR absorption bands at i780 and 1710 cm-l which are the 
characteristic bands or' the cyclic #-substituted imide structure 
( cc . , ,N-  ) .  
acid by hydrolysis and hydrogenolysis. The mount oi' the 
i s o l a t e d  intermediate ( I )  is small (0.27 g) compared with 
intermediate (11) (i.75 g as crude oil). These facts suggest 
that the major reaction in reaction (B) ie the cyclic imide 
Zormation as is shown in Fig. 2. Therefore reaction (B) 
would result in (S)-aspartic acid. 
I ( r p  121-123.) which is the 8p.e  compound 
. co. Intermediate ( 1 1 )  WAS converted t o  (S)-aspartic 
In reaction (C), diethyl fumarate (IX) reacted with (S)- 
amine t o  give (S)-aspartic acid and with (R)-amine to give 
(R)-aspartic acid. These result8 a r e  the same a8 those which 
were obtained from diethyl maleate (reaction B). This fact 
suggests the possibility of conversion of the trans Zumarate 
t o  t h e  - cis maleate during the reaction (Fig. 3 ) .  By the trans 
t o  tne - cis transionration, the resulting maleamic acid ester 
( X I )  could be cyclized under the reaction conditions to the more 
stable Tive membered N-alkyl maleimide (VIa and VIb in Fig. 2). 
The addition reaction to the double bond of (VIa and Vlb) 
proceeds as described in reaction (B). Thus the reaction of 
- 9 -  
diethyl fumarate and (S) and (R)-mine resulted in (S)- and 
(H)-aspartic acid as in reaction (B). 
Isoiated intermediates in reaction (C) supported the 
above postulated mechanism. The isolated compounds were 
intermediate (I), 0.70 g (mp 121-123.) and intermediate (II), 
1.48 g as crude oil, (mp 222-224. as hydrochloride). These 
compounds were the sase ab isolated in reaction ( B ) ,  however 
a greater mount of intermediate (I) was isolated. These 
;acts suggest that a)  trans t o  cis tramformation takes 
place during reaction (C), b) cyclic intermediate (II), 
(VIIa, VIIb) formation is a major reaction ana intermediate 
(I) (TIa, IIb) formation is arinor  reaction. The optical 
purity of the obtained aepartic acid in reaction (C) is 
smaller than that which was obtained in reaction (B). This 
- -
could be explained by the greater mount o f  intermediate ( I )  
which would result in the lower optical purity of (S)-aspartic 
a c i d  in reaction (C). 
The discussions mentioned above would suggest the relation- 
ship between reaction (A), (B), and (C) as is shown in Fig. 4 .  
Under the reaction conditions, conversion of maleate LO 
fumarate could be possiblea'in reaction (B). In reaction (C), 
t h e  conversion of fumarate t o  maleate ia a l s o  possible, because 
the resulting maleate couid be converted to the stable five 
='E. L. Eliel, nStereochsrirtry oi' Carbon CO~pOUnd6", WcGrsw- 
Hi 11 Book C o . ,  New York, 1962, p .  345.  G. R. Clemo ana 
S. B. G r a h a m ,  2. - Chem. -.' SOC 213 (1930). 
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membered cyciic a a l e i a i d e . 2 '  The i s o l a t e d  r e a c t i o n  i n t e m e d i -  
a t e 8  conl'irm t h e  p o s s i b i l i t y  02 trms t o  cis and c i s  t o  trens 
conversion i n  r e a c t i o n s  ( B )  and  ( C ) .  In each c a s e ,  however, 
cyclic imide [ i n t e r m e d i a t e  (II)] was found t o  be a major  
product  and f u r a r u i d e  [ i n t e r m e d i a t e  ( I ) ]  was a minor  product  
i n  both reaction ( B )  and (C). 
- -
24/nale imide  and o t n e r  s i m i l a r  five membered oapounds have 
been prepared under thermal condi t ions . -  a-d7 
a) H .  T .  Clarke and L. D.  Behr,  Org. S ntheses Coll. Vol. 
11, 562 ( 1 9 4 3 ) ;  
(1882);  c )  A. P i u t t i ,  ibid., 26,435-m963-d) Harada, - J .  Org. Cnem.,  - 2 4 ,  1 6 6 2 m 5 9 ) .  
b)  A .  P i u t t i ,  G e t z .  h i . ,  1 2 ,  169 
Maieic  anhydride was prepared Tram fumaric  ac id  by h e a t i n g .  
J .  Wislicenus, - Ann. - * ' -  Chem 246 ,  943 (1888). 
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Experimental- 25/ 
N ,"-Di(S)a-rethylbenzyl furararide. - (S)-a-Methyl- 
benzylamine [(S)-amine], 
in tetrahydrozuran ( 5 0  m1) wa8 added to a solution of i'uaaryl 
chloride (24 .0  8 )  and tetrahydrofuran (50 mi) with stirring 
at a temperature beiow ZOO. The evolving hydrogen chloride 
= -42.3. in benzene), 12.0 g 
gas was removed under moderately reduced pressure. The mixture 
was stirred for two hr at room temperature until the evolution 
o f  hydrogen chloride ceased. The precipitated crystals were 
c o l l e c t e d  by filtration a n d  ihe crude product was washed with 
ethanol (19.4 g). After recrystallization from tetrahydro- 
luran. lb.6 g ( 6 5 % )  or '  pure (S) -diaai t ie  was obtained, r p  29?- 
300° d e c ,  Lajb25 = -156.4O iN,N'-dieethylfornariae, c 0 . 3 7 2 ) .  
- Anal. Calcd for C20H2202N2: N, 8 . 6 9 .  Found: N ,  8.71. 
N,N'-Di(R)a-rnethylbenzyl r'unaramide. - The compound vas 
prepared in the same way a8 that described above ,  by t h e  use 
oi" (HI-amine (La;:' = +41.5' in benzene). 
3 0 0 °  dec, LaJ:5 = +159.2. (N,N'-dinetnylformaride, c 0.277). 
Y i e i d ,  68%. ap 79h- 
Anal. Found: N ,  8.86, -
- 2 5 ;  A l l  temperature measurements were uncorrected. All optical 
rotation measurement8 were carried o u t  by t he  use or" the 
Rsidolph modei 80 polarimeter with PEC-101 photometer. A 1 1  
el mental analyses were carried out by Micro-Tech Labora- 
t o r i e s ,  Inc., Skokie, Illinois. Infrared absorption spectra 
were recorded by the uee or' the Perkin E l m e r  Model 137 B 
Tnfracord Spectrophotometer. 
. - 12 - 
N ,N '-Di(*)a-methylbenzyl fuaramide (racemicl. - Yield, 
I 
67%. sp 285-290. dec, 
Reaction (A) 
(R)-(-)-Aspartic acid from (SI-fumaramide and (S)-amine. - 
A mixture o f  (S)-fumeraaide, 2.0 g ,  (S)-amine, 1.5 g,  and 
n-butanol, 25 ml, in a 100 m 1  round f l a s k  with a rei'lux con- 
denser wa8 heated at 115-120O in an oil bath f o r  three day8 
under a nitrogen atmosphere. After the reaction was over, 
n-butanol and the excess amine were removed under reduced 
pressure. The residue was hydrolyzed w i t h  t, - 1J hydrochloric 
acid, 80 01, r'or 8 hr under refluxing. Water-insoluble 
materiai was removed by Ziitration and by ether extraction. 
The solution was evaporated to dryness 3 vacuo. Water was 
added and  the water was evaporated to minimize the remaining 
hydrogen chloride. The procedure was repeated t h r e e  t imes.  
The residue was dissolved in 100 la1 0 2  water and  the pH was 
ad justed to about 5. Palladium hydroxide on charcoal ,- 
3 . 5  g, w a s  added t o  the solution and hydrogenolysis was 
carried o u t  at room temperature for 8 h r .  ATter t h e  hydrogen 
uptake ceased, the catalyst wae removed by filtration. To the 
T i l t r a t e ,  hydrochloric acid was added to bring the pH to about 
1. The solution was evaporated to dryness under reduced 
pressure. anti the d r i e d  reaidue wa8 extracted with absolute 
ethanol ( L O  E L )  and filtered. The alcohoiic solution was kept 
overnignt in a I'reezer, and the  precipitated salt was separated 
12,/ 
. - 13 - 
by filtration. Pyridine was added to the filtrate to precipi- 
tate aspartic acid. After standing overnight in a refrigerator, 
5'50 ng (6446) o f  aspartic acid was obtained, = -2.6. 
( 5  E HC1, c 4 . 1 ) .  
jected to paper chromatography. 
4: 1:2). 
The material showed a single s p o t  when sub- 
Rf = 0.20 (n-BuOH-AcOH-H20 = 
?he aspartic acid was recrystallized I'rom water a n d  
ethrunoi. [ a f 5  = -3 .10  ( 5  - N Hc1, c 3 .32 ) .  
Anal .- ",' Caicd for C ~ H ~ N O ~ :  N. 10.52. Found: N, 10.64. -
DNP-Aspart:c acid from synthesized aspartic acid. - 
A p a r L  o Z  thefAydrugenolyzed solution (containing a b o u t  150 mg 
of aspartic acid) w a s  treated w i t h  ~-Zluoro-2,4-dinitrobenzene, 
U.50 g ,  ana sodium hydrogen carbonate, 0.50 g ,  by the usual 
method .- *'' DNP-Aspartic acid was separated by ceiite column 
cnromatography . Le' The celite, 45 g, was treated w i t h  22.5 ml 
o f  pH 4 . 0  phosphate-citrate buffer (0.2 - H). 
derivative was developed w i t h  a mixture of chloroform ana ether 
(4:l). The DNP-aspntic acid band w a s  cut o Z I ,  dried, and was 
dissolved in 1.5% sodium hyarqen carbonate. The solution was 
acid;i'led and the DNP-aspartic acid was extracted with ethyl 
The charged DNP 
26 ' - Elemental anaiyses o f  isolated aspartic acid were carried 
o u t  al3ter one recrystallization o f  the Zirst isolated 
aspartic acid. 
. F. C. Green and . K. R .  Rao and 
H. A .  (1954). 
. - 14 - 
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acetate. The ethyl acetate solution wae evaporated and the 
optical rotation of the remaining DNP-aepartic a c i d  measured. 
LO]025 = -14.1. (1 - B BoOH, c 0.67). mp 184-186O dec. 
(S)-Aspartic acid was prepared from (R)-fumaramide, 2.0 g ,  
!R)-anine, 1.5 g ,  and 25 rl of n-butanol aa deecribed above. 
Yield, 500 mg (bls). iaJZ5 = +3.1' (5 - R H C 1 ,  c 4.65). 
Anal. Found: R ,  10.54. 
DNP-(S)-Aspartic acid - bj,25 = +14.0. ( 1  - N N a O H ,  
-
c 0.4)5), mp 185-187. dec. 
(&)-Aspartic acid w a 8  prepared from (*)-fumaramide, 1.5 g,  
(?)-anine, i.5 g ,  and n-butanol, 25 m1, yield, 400 rg (6546). 
( R ) - (  -) -Aspartic acid from (S)-Zumaramide and benzylarrine. - 
A mixture of (S)-fumaramide, 2.0 g, and benwlamine, 6.0 g,  
w a s  heated at 115-i2Oo for three days in an oil bath. The 
reaction mixture was treated in a similar vay as described 
earlier. A weight of 480 mg ( 5 8 s )  of aspartic acid was 
obtained. 
= -2.0. ( 5  - P H C 1 ,  c 3 . 9 3 ) .  
- Anai. Found: N, 10.80. 
DNP-(R)-Aspartic acid - [ a f 5  -- -7.0. (1 - P N a O H .  
c 1.04). mp 195-198O dec. 
(S)-Aspartic acid was obtained from (B)-fwaraniae, 2.0 g,  
and benzylamine, 6.0 g, as above. Y i e i d ,  500 m g  (61k). 
laJZ5 = +2.2. ( 5  
- Anal. Found: N, 10.54. 
H C ~ ,  c 3 . 8 0 ) .  
- 15 - 
DNP-(S)-Aspartic acid - LaJ:5 = +5.0° (1 N NaOH, - 
c i.O9), s p  i9b-197" dec. 
Isolation 02 intermediates in reaction (A1 - A mixture 
oi" 2.0 g or" (S)-Iumaraaide and 1.5 g of (S)-amine in 25 m l  
or" n-butanoi was h e a t e d  at 115-120. f o r  three days. The 
reaction mixture was evaporated under reduced pressure t o  
remove excess amine and butanol. The crystaliized residue 
was fractionated i n t o  two components by the use 02  ethanol. 
One fraction, 0.55 g, melted at 298-301O and was slightiy 
soluble in alcohol. The compound was confirmed as the un- 
r e a c t e d  (S)-Zurararide by a mixed melting point test and IR 
absorption spectrum. The o t h e r  fraction, 1.75 g ,  melted at 
110-118O. The meiting point rose to 119-121° by further 
recrystallization with a l coho l .  The compound waa confirmed 
as S',-)-N-(a-nethylbenzyl)-asptartic acid diaride (IIa, IIb) 
[ int.ermediate ( I ) ] .  
c 0.''4). 
(amide l i ) .  
i,1Jf5 = -119.2O (absolute alcohol, 
-1 IH Absorption bands, 1630 ca-1 (amide I), 1540 cm 
Ana:. Calcd ?or C H N 0 C, 75.82: H, 7 . 5 0 ;  - 28 3 3  3 2: 
N ,  4.47. Found: C, 7 6 . 0 5 ;  H, 7.52: N, 9.35. 
Intermediate (I), 0.89 g ,  was hydrolyzed w i t h  i6 mi oi" 
6 - N nyarochloric acid ana then hydrogenolyzed by the use oi' 
palladium hydroxide on charconl. The resulting aspartic acid 
showed a single spot when subjected to paper chromatography. 
The aspartic acid w a s  converted t o  DNP-aspartic acid and this 
t 
1 .  
i . - 16 - 
. 
waa isolated by celite column chror8tography. DNP-(R)-aapertic 
acid - = -7.0. (1 3 YaOH, c 0.48), mp 195-198. dec. 
I 
I 
Reaction (BL 
iS)-(+)-Aspartic a c i d  from ethyl maleate and (S)-anine. - 
A mixture of ethyl maleate, 1.72 g, and (S)-amine, 4 . 3  g, was 
heated at 115-i20° for three days. The reaction nixture waa 
hydrolyzed and hydrogenolyzed a8 described in reaction (A). 
(R)-Aspartic acid, 1.14 g ( 8 6 $ ) ,  was obtained. 
= +z .8 .  ( 5  HC1, c 4 . 0 ) .  
- Anal. Calcd for C4H7804: C, 36.iO; H, 5 . 3 0 ;  N, 10.52. 
Found: C, 36.02; H, 5.54; N, 10.34. 
DNP-(S)-Aspartic acid - La]:’ = +12.6. (1 E YaOH, 
c 0 . 7 8 ) ,  rp 1t36-188° d e c .  
(R)-Aspartic acid w a 6  prepared a6 above. Yield, 1.13 g 
( 8 6 6 ) .  
ia3z5 = -3.1. ( 5  - N HC1, c 4 . 1 ) .  
- Anal. Found: N, 10.44, 
DNP-(B)-Aspartic acid - [a], 25 = -14.2. (1 NaOH, 
c 1.04), rp 195-197. dec. 
(‘)-Aspartic acid was also prepared from ethyl maleate, 
i.79 g,  and (&)-amine, 4 .3  g. Yield, i.15 g (87s). 
Anal. Found: N, 10.38. -
Tsolation of intermediates in reaction (EL.- A mixture 
0: ethyl maleate, 1.72 6 ,  and (S)-aaine, 4 . 3 0  g ,  wa6 heated at 
* 
- 17 - 
115-120° for three day.. The reaction mixture was dissolved 
in 100 m i  of ether. The solution w a 8  washed with water ten 
times (10 m 1  x 10) to remove the unreocted amine. The ether 
solution was dried w i t h  anhydrourn rrodiur sulfate and the 
aoivent was evaporated t o  dryness &I vacuo. The residue 
crystallized after drying for 'j day6 in an evacuated desiccator 
over s o d i m  hydroxide and sul fur ic  acid. The crystals and the 
oii were separated by the use of unglazed pottery. The crude 
crystals, 0.29 g ,  were collected. These were recrystaliized 
from ethanol and pure intermediate (I) was obtained, r p  121- 
i 2 ' J o .  
c 0.77). IR absorption bands, 1630 cm'l (amide I), 1540 cm'l 
(amide 11). 
Y i e l d ,  0.27 g,  La];5 = -112.1. (absolute ethanol, 
Anal. Caicd for C H N 0 C, 75.82; R, 7 . 5 0 ;  I, 9.47. - 28 133 3 2: 
Found: C, 75.62; H, 7.73; N, 9 .44 .  
A part of the intermediate (I) wae hydrolyzed and hydro- 
genolyzed as described above. The resulting aspart ic  acid 
showed a single s p o t  when aubjected to paper'chromatography. 
The crude oil absorbed in the unglazed pottery was 
extracted with petroleus ether (total 300 ~ 1 ) .  The solvent 
was evaporated and 1.75 g of crude oil was obtained. IB 
absorption bands oi' the material showed at 1740 cm'l in 
addition to the characteristic b u d 6  of N-substituted succini- 
imide at A780 and 1710 c~'~. A part of the oil (300 rg) was 
dissolved in ether and washed with 5s aqueoue sodium hydrogen 
carbonate and water. After the ether solution wa8 dried with 
, - 18 - . 
anhydrous sodium sulfate, dry hydrogen chloride gas was iatro- 
duced to the solution. The amine hydrochloride was precipi- 
tated. The crystals were collected and washed with ether. 
Intermediate (11) hydrochloride was obtained. Yield, 88 mg, 
ap 223-224.. iaj,25 = -47.5. (abeolute ethanol, c 0.75). 
absorption bands at 1785 and 1710 cm'l showed the compound 
has an N-substituted succiniimide structure, 
IR 
c 4 0 ,  
C-0' 
N-• 
A band at 1745 cm-l disappeared after the purification procedure. 
Anal. Calcd for C H N 0 C1: C ,  66 .43 ;  H, 6 . 4 6 ;  N ,  7.81. 20 2 3  2 2 -
Found: C, 66.71; H, 6.58;  N, 7.79. 
lnternediate (11) hydrochloride was iiberated w i t h  aqueous 
sodium hydrogen carbonate. The free amine was extracted with 
ether. The eolution was dried and the solvent was evaporated. 
IR absorption banda of the ?roe intermediate (IT) were recorded. 
The compound showed the s u e  characteristic bands of 1- 
substituted succiniimide at 1780 and 1710 cm'l. Intermediate 
(11) d i d  not crystallize. 
The crude oil, 0.8 g, wan hydrolyzed with 6 hydrochloric 
acid, A 5  a1, in the s u e  way as above. The resulting aspartic 
acid was treated with l-fluoro-2,4-dinitrobenesne. DNP- 
Aspartic acid was separated by column chromatography. DNP- 
(S)-Aspartic acid was obtained. 
c 0.18). 
La]?5 I +14.2. (1 - N NaOH, 
- 19 - 
. Reaction (C) 
i S ) - A s p a r t i c  a c i d  from diethyl fumarate and (S)-amine. - 
A mixture oi' ethyl fumara te ,  i . 72  g, and (SI-amine, 4.3 g, 
was heated a t  115-120. for t h r e e  days. The r e a c t i o n  mixture  
was hydrolyzed and then  hydrogenolyzed i n  a aimilar way as 
desc r ibed  above. (S)-Aspartic a c i d ,  1 .15 g (87$) ,  was o b t a n e d .  
125 jaJo = +2.0. ( 5  1 H C 1 ,  c '3.90). 
Anai. Found: C ,  35.89;  H, 5.47; N ,  10.51. 
DNP-,S)-Aspartic acid - = + 4 . 3 '  ( 1  N NadH, 
-
- 
c 1 .08) .  mp 195-197" dec.  
(R)-Aspartic a c i d  was prepared as above from d i e t n y l  
i 'giasrate, l .?  g .  and (R)-amine, 4 . 3  g .  Y i e l d ,  l . i l  g (85%).  
25 = -i.bo ( 5  B H C 1 ,  c 3.98).  - 
DNP-(R)-Aspartic a c i d  - La], 25 = -4.2. ( !  N N a O H ,  - 
c l.U3), mp i9i-l~:. dec.  
( ' ) -Aspar t ic  a c i d  w a s  prepared by the u s e  or" (+)-amine 
undc+r t h e  same r e a c t i o n  cond i t ions .  Y i e l d ,  1 . 1 3  g ( 8 6 % ) .  
Anal. Found: N ,  10.28. -
Isoiation o f  i n t e r m e d i a t e s  i n  r e a c t i o n  \C>. - I s o l a t i o n  
c f  nteraeaiates i n  r e a c t i o n  ( C )  was c a r r i e d  o u t  i n  a similar 
way as a e s c r i b e d  in r e a c t i o n  ( B ) .  The c rude  c r y s t a l s ,  0 .92 g ,  
were ob ta ined .  Tne c r y s t a l s  were r e c r y s t a l l i z e d  from ethanol. 
Pure i n t e r m e d i a t e  ( I ) ,  0.70 g,  w a 6  ob ta ined .  r p  121-123". 
= -112.0. ( a b s o l u t e  ethanol, c 0 .87) .  IR a b s o r p t i o n  
bands, i645  cm-l (amide I) , 1555 em-' (amide 1 1 ) .  
Anai. Found: C ,  75.65; H, 7.59; N, 9 . 4 5 .  -
- 20 - 
. A part of the crude interwadiate (11) wab hydrolyzed 
and then hydrogenolyzed in  a s i m i l a r  way an described above. 
The resulting aspartic acid was DBPyleted and the DIP-aspartic 
ac id  was separated by colurn chromatography. The sample 
amounts were too small to accurately meaaure o p t i c a l  rotation. 
1 .  . - 21 - 
Acknowledgments 
This work was a i d e d  by Grant no. NsG-689 o f  the  National 
Aeronautics ana Space Administration. We w i s h  to thank 
Mr. S. Gerchakov for  h i s  he lpful  discuseions. 
- 22 - 
( IIa) 
(IiIa) 
B 
-  -- 
€2 
H NH (IIb) \C”\ + R,N,C, ‘8 H 0 
Y H  
( S )  B-RH2 
I --- 
R 0 
-- 4 ‘C 
I I  
R 
R H .E;- \c”\ 
\ 
N, c, 
8 
H 
k 
NH 
\ ,‘- 
C 
OH 
0 
I f  
H I  
( I l I b )  
Id 
Ho/C ‘ 0 ‘ 1  H H  c y -  --- c, OH 
Ho ”hi C 
R 8 
\ /  H 
*’C 
/’ H */ Pd(0H) 
Y 
COOH 
+”* (H)-Aspartic acid 
CH2 
Pd( OH) 
LOOH 
F i g .  1A 
- 23 - 
. 
it - 1.65A - 
Tran so ida I Conform at ion 
Cisoi dal  Conformation 
Fig. 1 B 
- 24 - 
(SI-Aspartic acid 
y 2  
COOH 
( V I I b )  
(VIII) 
Fig. 2 
. 
- 25 - 
H 
H 
7 ) ( cc )H-R _I__) _3__) (SI-Aspartic acid 
( V h ,  VTb) 
8 
F i g .  3 
- 26 - 
h 
u 
W 
T L e r9 
v 
. 
n 
4 
v 
T X a 0 u 
G l a  z x  d) 4; E: 
0 8-0 +, 
I d  7\ 
I I  
XU--u 
i n II 
! 
0 
a 
I 
u n .. n 4 
W 
.. 
n 
$4 
v 
.. 
n 
u 
v x x  
T 
aJ 
c, 
d -  
Q , P 3  
d w  
d 
E 
- 27 - 
i-j d m  0 
H 
Q, 
d 
P 
d 
E 
U 
X 
(v 
Ln 
d 
M 
M m  
0 f - i O - l  
w o o  
d t  
. . .  
+ n II 
6 0  
N 
cu 
l-i 
rn 
n 
0 4  m a  
0 
* W  
P; 
n 
CG 
W 
cu 
P - *  
00 
O O d  
lc 
. .  
* I  
i n n  
d o  
cn 
P- 
. 
a3 
P - M  O m  . .  
O O M  
N 
* I  
i n n  
n 
Q a O  
*In 
0 
.V 
4 
n 
v) 
W 
M 
Ln 
4 
. 
a" 
k 
Ti 
a 
d 
d 
0 
P 
d 
h 
d +J 
Q, 
d 
I 
n + 
p: 
k 
0 
I 
rn 
\ 
T 
W 
h 
W 
P I  
.A , .  
9 Rtd 
CL 
N L n s  
n 
c- 
rn 
4 
M 
mal 
o r  
9 0 0  
c\r 
r i  
. .  
' +  
+ I I  a 
d o  
. .  
a3- t  - +  
OA + I I  a 
v) 
cn 
- 28 - 
al 
d H  
Pc, 
O H  
B 
0 1 
i I  
4 
k 
Q) 
P 
0 
rn 
-4 
X 
0 
cd 
ai 
cr; 
w 
c 
n 
3: 
0 
d z 
Zl 
4 
W 
0 
m 
r - i  
m + 
Y 
V 
0 
a 
8 
I 
I 
I 
I 
I 
I 
I 
I 
I 
d 
0 
IC\ 
I 
OD m cu 
.n 
L n  
0 
U 
Q, 
9 
0 
0 
d 
5 
k" 
n 
c 
v 
c 
0 
n 
F9 
W 
a i m  
o m  e *  
O d  
H I +  
H 
!z z 
0 
.. 
- n  
n u  
H H  
w w  .. .. .. 
n n h  
c m v  
w v w  
G G f i  
0 0 0  
